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(57) Abstract: The present invention provides a photovoltaic module (20) comprising a photovoltaic material and a heat sink in 
thermal communication with the photovoltaic material proximate a mounting surface of the heat sink. The heat sink comprises a 
plurality of fins (12) that are movable between a first position parallel to the mounting surface and a second position non-parallel to 
the mounting surface. Orientation of the fins in the first position may be particularly desirable during fabrication of the module when 
the heat sink is attached to the photovoltaic material. As such, the present invention provides a method for fabricating a photovoltaic 
module comprising providing a photovoltaic material and providing the heat sink having movable fins. The fins are oriented in the 
first position and the heat sink is then attached to the photovoltaic material. After the heat sink is attached, the fins may be unfolded 
into the second position. 
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Photovoltaic Module with Adjustable 
Heat Sink and Method of Fabrication 

Field of the Invention 
[0001] The present invention relates generally to a photovoltaic device, and in 
particular but not exclusively a photovoltaic module having an adjustable heat sink and 
method for the fabrication of such a module. 

Background of the Invention 
[0002] Photovoltaic modules currently enjoy broad commercial use. For example, in 
terrestrial applications, photovoltaic modules are typically used to power remote 
electronic equipment such as radio towers, microwave repeater stations, and navigation 
buoys. Photovoltaic modules are also used to generate power for on-grid applications. 
In certain applications, photovoltaic modules, such as individual photovoltaic cells, may 
be wired together to form an array so that increased power may be produced. However, 
a need exists for photovoltaic modules that provide increased power at greater efficiency 
than currently available. 

[0003] One source of inefficiency, and decreased power output, is a decrease in 
performance of photovoltaic modules at elevated temperatures. It is known that the 
operating voltage, and therefore power output, of photovoltaic materials decreases as the 
temperature of the material increases. The effect is approximately linearly proportional 
to the inverse of the material's change in temperature. It is also known that photovoltaic 
modules typically operate between 20-30 degrees Celsius higher than the ambient air 
temperature. This increase in temperature above ambient produces a 5-20% reduction 
in operating power, depending on the particular photovoltaic cells or materials used in 
the module. 

[0004] This reduction in operating power with increased temperature affects many 
different configurations of photovoltaic modules, such as concentrating photovoltaic 
collectors and flat-plate modules. Concentrating collector modules use reflective or 
refractive materials to focus sunlight onto a smaller surface area of photovoltaic cells or 
materials. Flat plate modules are the most commonly used photovoltaic modules and 
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are typically manufactured as flat assemblies of solar cells encapsulated between glass 
and suitable rear surface. Both types of modules suffer from reduced power output at 
elevated temperature. Hence, a need exists for a passive cooling system for photovoltaic 
modules which may be fabricated in a cost-effective manner. 

Summary 

[0005] The present invention provides a photovoltaic module comprising a 
photovoltaic material and a heat sink in thermal communication with the photovoltaic 
material proximate a mounting surface of the heat sink. The photovoltaic material may 
be provided as a photovoltaic cell. The heat sink comprises a plurality of fins that are 
movable between a first position substantially parallel to the mounting surface of the 
heat sink and a second position non-parallel to the mounting surface of the heat sink. 
Orientation of the fins in the first parallel (or flattened) position may be particularly 
desirable during fabrication of the module, when the heat sink is attached to the 
photovoltaic material to facilitate, for example, lamination of the heat sink to the 
photovoltaic material. 

[0006] The heat sink may comprise a sheet of thermally conductive polymer or a 
metal foil, and the fins may be formed from folded portions of the polymer or metal foil. 
Desirably, the photovoltaic module may comprise an electrically insulating material 
disposed between the heat sink and the photovoltaic material to deter electrical 
communication between the heat sink and photovoltaic material. Additionally or 
alternatively, the photovoltaic module may include an encapsulating material disposed 
between the heat sink and the photovoltaic material. Optionally, the photovoltaic module 
may include a lid disposed over the photovoltaic material. 

[0007] In addition the present invention provides a method for fabricating a 
photovoltaic module comprising the steps of providing a photovoltaic material and 
providing a heat sink having a mounting surface and having a plurality of fins that are 
movable between a first position substantially parallel to the mounting surface and a 
second position substantially non-parallel to the mounting surface. The method also 
includes the steps of orienting the fins substantially parallel to the mounting surface and 
attaching the heat sink to the photovoltaic material. After the heat sink is attached to the 
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photovoltaic material the method may also include the step of orienting the fins in the 
second position. In one embodiment of the method, the step of attaching the heat sink 
may comprise laminating. The step of attaching the heat sink may include providing an 
electrically insulating material between the mounting surface of the heat sink and the 
photovoltaic material and then bonding the heat sink, electrically insulating material, 
and photovoltaic material together, such as by lamination. 



Brief Description of the Drawing s 
[0008] The foregoing summary and the following detailed description of the preferred 
embodiments of the present invention will be best understood when read in conjunction 
with the appended drawings, in which: 

[0009] Figure 1 is an exploded, perspective view of an unframed photovoltaic module 
having a heat sink with fins disposed in a first, collapsed position which is suited for 
processing in accordance with the method of the present invention; 

[0010] Figure 2 is a side elevation view showing the structure of the heat sink 
depicted in Figure 1; 

[001 1] Figure 3 is a exploded perspective view of the photovoltaic module of Figure 
1 with the heat sink fins disposed in a second, extended position; and 

[0012] Figure 4 is a side elevation view showing the structure of the heat sink 
depicted in Figure 3. 

Detailed Description of the Invention 
[0013] Referring now to the drawings wherein like reference numerals refer to the 
same or similar elements across the several views, and in particular to Figure 1, there is 
shown an exploded view of a photovoltaic module 20 in accordance with the present 
invention. The photovoltaic module 20 comprises a photovoltaic material, which may 
conveniently be provided in the form of one or more discrete photovoltaic cells 4 or thin 
film photovoltaic materials. The photovoltaic cells 4 are generally planar in shape, and 
may conveniently have a rectangular shape. However, other shapes, including non- 
planar shapes, may be used in accordance with the present invention. 
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[0014] The photovoltaic cells 4 may comprise semiconductor materials in which 
electron-hole pairs are created when exposed to light to provide an electrical current 
flow when the photovoltaic module 20 is connected to an electrical circuit. The 
photovoltaic cells 4 may be manufactured from crystalline silicon, amorphous silicon, 
copper-indium-disellinide, cadmium-telluride, gallium-arsenide, and other such 
materials known to those skilled in the art. In addition, conmiercially available 
photovoltaic cells and materials may be used in the photovoltaic module 20. 

[0015] A lid 10 is provided adjacent to the upper surface 5 of the photovoltaic cells 
4 and has an appropriate shape and size to permit the lid 10 to cover and protect the 
photovoltaic cells 4 from possible damage. The lid 10 may have a surface shape 
complementary to the surface shape of the photovoltaic cells 4 so that the lid 10 
conformally covers the photovoltaic cells 4. Desirably, the lid 10 is selected from 
materials that isolate the photovoltaic cells 4 from moisture and permit transmission of 
electromagnetic radiation in the wavelength band that is to be absorbed by the 
photovoltaic cells 4. For example, the lid 10 may comprise a low-lead tempered glass 
that allows sunlight to enter the module 20. 

[0016] An optional backing layer 6 may be provided adjacent to the lower surface 7 
of the photovoltaic cells 4 to provide structural support and/or protection for the 

photovoltaic cells. In addition, the backing layer 6 may be selected from electrically 
non-conductive materials, such as polyester, to electrically isolate the photovoltaic cells 
4 from additional components of the photovoltaic module 20. 

[0017] An encapsulating material 8 may be provided to encapsulate and protect the 
photovoltaic cells 4 and to bond the components of the photovoltaic module 20 together. 
For example, the encapsulating material 8 may be disposed between the photovoltaic 
cells 4 and the lid 10 to adhere the lid 10 to the photovoltaic cells 4. Likewise, the 
encapsulating material 8 may be disposed between the photovoltaic cells 4 and the 
backing layer 6 to adhere the backing layer 6 to the photovoltaic cells 4. The 
encapsulating material 8 disposed between the lid 10 and photovoltaic cells 4 should be 
optically transmissive to electromagnetic radiation in the wavelength band that is to be 
absorbed by the photovoltaic cells 4. In addition, the encapsulating material 6 should 
have chemical and heat resistant properties compatible with the environmental 
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conditions under which the photovoltaic module 20 will be operated. Examples of such 
encapsulating materials include ethyl vinyl acetate (EVA) and UV-stabilized EVA. 
Such materials provide moisture protection to the photovoltaic cells, which is one of the 
desirable features of the encapsulating material 8. The encapsulating material 8 may 
also comprise a non-conductive material, in which case the optional backing layer 6 may 
be omitted. 

[0018] The photovoltaic module 20 also includes a heat sink 2 comprised of a 
thermally conductive material, such as aluminum foil or an anodized aluminum foil, 
adjacent the optional backing layer 6. One advantage of using inherently optically 
reflective materials, such as aluminum foil, is that unabsorbed sunlight may be reflected 
back into the cells 4 by the heat sink 2, thereby increasing the power produced by the 
photovoltaic module 20. Optionally, the heat sink 2 may be coated with an optically 
reflective material. If the optional backing layer 6 is not used, the heat sink 2 is provided 
adjacent the encapsulating material 8. Since the heat sink 2 comprises a thermally 
conductive material, the electrically non-conductive feature of the backing layer 6 and/or 
encapsulating material 8 prevents undesired electrical communication between the 
photovoltaic cells 4 and the heat sink 2. The backing layer 6 and/or encapsulating 
material 8 may be provided in the form of a plurality of electrically insulating spacers 
disposed between the heat sink and the photovoltaic material. The heat sink 2 comprises 
a plurality of base segments 14 which provide a mounting surface for mounting the heat 
sink 2 to the backing layer 6. The heat sink 2 also comprises a plurality of fins 12 
disposed between adjacent pairs of base segments 14. The fins 12 may be movable with 
respect to the base segments 14 due to the inherent flexibility of the fins 12 relative to 
the base segments 14. Alternatively, the fins 12 may be attached to the base segments 
14 via mechanical means that permit movement between the fins 12 and the base 
segments 14. For example, the mechanical means may include a hinge structure, or 
other structures that permit movement therebetween. 

[0019] Figures 1 and 2 illustrate a first configuration in which the fins 12 are located 
in a first flat position so that the fins 12 are substantially parallel to the plane containing 
the base segments 14. Such a configuration of the fins 12 in the first flat position 
provides a substantially flat heat sink 2, which is a particularly desirable configuration 
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of the heat sink 2 prior to attachment to the backing layer 6 and/or encapsulating 
material 8. Such a flat configuration of the heat sink 2 is well suited to the lamination 
assembly process of the present invention, as well as lamination processes known to 
those skilled in the art. Once the heat sink 2 is attached to the backing layer 6 and/or 
encapsulating material 8, the fins 12 may be moved to a second extended position, 
substantially perpendicular to the base segments 14, as illustrated in Figures 3 and 4. 
Such a configuration of the fins 12 with respect to the base segments 14 is well suited 
to permit convective dissipation of heat from the heat sink 2 to the surrounding 
environment during use. Optionally, an area of the heat sink 2 may be provided without 
fins 12 to provide a region at which an electrical junction box may be provided. 

[0020] During use, the module is oriented such that the outer surface of the lid 10 
faces skyward and may be held at a specific angle to maximize its exposure to sunlight. 
When sunlight strikes the photovoltaic cells 4, some of the energy within the sunlight 
is converted to electrical energy and is removed via terminals or leads (not pictured). 
The sunlight that is not absorbed by the photovoltaic module 20 and not converted into 
electrical energy becomes heat energy and is transferred to the module's surroundings. 
The primary mode of heat transfer is convection to the ambient air from both the outer 
surface of the lid 10 and heat sink 2 of the module 20. 

[0021] The spacing between the fins 12 as well as the height of the fins 12 can be 
optimized for a particular photovoltaic module' s characteristics and heat load. As such, 
the fins 12 may be sufficiently short relative to the spacing between adjacent fins 12 so 
that the fins 12 do not overlap in the first flat position depicted in Fig. 1. In one desired 
configuration the heat sink 2 may be made of 76.2 ftm thick aluminum film and having 
fins 12 with a height of 31.75mm and a spacing between adjacent fins of 9.525 mm. 
Optionally, the fins 12 may have differing lengths. The fins 12 may also have holes or 
ridges stamped therein, in order to further facilitate convective heat transfer (not 
pictured), and may be coated with a high-emissivity coating in order to facilitate 
radiative heat transfer. In additional, the heat sink 2 may be manufactured from an 
appropriate material to make the extended fins 12 stiff enough to resist mild abrasion, 
thereby offering further protection to the cells 4. 
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[0022] Another advantage of this invention is the way in which the module can be 
laminated - with the heat sink as an integral part of the module - using, for example, 
standard laminating methods and techniques. 

[0023] Typically, a photovoltaic module is constructed from several layers of 
materials that are sandwiched together under elevated temperatures. A vacuum is 
usually drawn as well. The materials are typically glass, EVA (ethyl-vinyl-acetate), solar 
cells, EVA, polyester, and Tedlar® brand polyvinyl fluoride, in that order. The last three 
layers are often purchased in one sheet of material called EPT (EVA-Polyester-Polyvinyl 
fluoride). 

[0024] When manufacturing a photovoltaic module, the cells may be arranged and 
soldered together on a work surface, then lifted into the air by vacuum cups (while 
maintaining their spacing and alignment). A piece of glass is put under the cells, and 
then a layer of EVA is placed over the glass. The EVA is usually shipped to the factory 
in a roll, so a section is unrolled and cut to length. Next, the cells are lowered onto the 
EVA-glass "assembly" and a layer of EPT is unrolled, cut to length, and placed on top 
of the solar cells. This entire process is usually refereed to as "lay-up." 

[0025] After assembly, the assembly may be placed in piece of equipment called a 
laminator. This device applies heat and pressure to the assembly for 10-15 minutes, for 
example, while also drawing a vacuum in the space of the laminate. The heat and 
pressure cure the EVA, which cross-links and bonds the entire laminate together. The 
vacuum is used to remove air trapped in between the layers during assembly. 

[0026] An advantage of the heat sink of the present invention is that the heat sink is 
flexible enough to allow the fins to be folded flat so that they can be added as a layer in 
the lay-up and then laminated as part of the photovoltaic module in a standard laminator. 
For example, after the layer of EPT is placed on top of the solar cells, the heat sink of 
the present invention may be placed on top of the EPT with the fins folded flat on the 
outside of the stack. The cell-EVA-EPT-heat sink stack may then be placed in a 
laminator to bond the layers of the stack together. This allows for the heat sink to be 
added as an integral part of the module, and does not require a manufacturer to invest 
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in new lay-up or lamination equipment. Subsequent to lamination, the fins of the heat 
sink may be unfolded into their operating position. 

[0027] These and other advantages of the present invention will be apparent to those 
skilled in the art from the foregoing specification. Accordingly, it will be recognized by 
those skilled in the art that changes or modifications may be made to the 
above-described embodiments without departing from the broad inventive concepts of 
the invention. It should therefore be understood that this invention is not limited to the 
particular embodiments described herein, but is intended to include all changes and 
modifications that are within the scope and spirit of the invention as set forth in the 
claims. 
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Claim 

What is claimed is: 

1. A photovoltaic module comprising: 

a photovoltaic material; and 

a heat sink in themial communication with the photovoltaic material 
proximate a mounting surface of the heat sink, the heat sink 
comprising a plurality of fins that are movable between a first position 
substantially parallel to the mounting surface of the heat sink and a 
second position substantially non-parallel to the mounting surface of 
the heat sink. 

2. The photovoltaic module according to claim 1, wherein the second position is 
perpendicular to the mounting surface of the heat sink. 

3. The photovoltaic module according to claim 1, wherein the photovoltaic material 
comprises a photovoltaic cell. 

4. The photovoltaic module according to claim 1, wherein the heat sink comprises a 
sheet of thermally conductive polymer. 

5. The photovoltaic module according to claim 1, wherein the heat sink comprises a 
metal foil. 

6. The photovoltaic module according to claim 5, wherein the fins comprise folded 
portions of the metal foil. 

7. The photovoltaic module according to claim 5, wherein the metal foil comprises 
anodized aluminum. 

8. The photovoltaic module according to claim 1, comprising an electrically 
insulating material disposed between the heat sink and the photovoltaic material. 
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9. The photovoltaic module according to claim 1, comprising a lid disposed over the 
photovoltaic material, 

10. The photovoltaic module according to claim 9, comprising an encapsulating 
material disposed between the lid and the photovoltaic material. 

11. The photovoltaic module according to claim 1, comprising an encapsulating 
material disposed between the photovoltaic material and the heat sink. 

12. The photovoltaic module according to claim 1, wherein the fins comprise at least 
one hole therein. 

13. The photovoltaic module according to claim 1, wherein the fins comprise a ridge. 

14. The photovoltaic module according to claim 1, wherein the fins comprise a high- 
emissivity coating to facilitate radiative heat transfer. 

15. The photovoltaic module according to claim 1, wherein the heat sink comprises 
an optically reflective material. 

16. The photovoltaic module according to claim 1, wherein the heat sink comprises 
an optically reflective coating. 

17. The photovoltaic module according to claim 1, wherein at least two of the fins 
have a different height. 

18. The photovoltaic module according to claim 1, comprising at least one 
electrically insulating spacer disposed between the heat sink and the photovoltaic 
material. 



19. A method for fabricating a photovoltaic module comprising the steps of: 
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providing a photovoltaic material; 

providing a heat sink comprising a mounting surface and comprising a 

plurality of fins that are movable between a first position substantially 
parallel to the mounting surface and a second position substantially 
non-parallel to the mounting surface; 

orienting the fins substantially parallel to the mounting surface; and 

attaching the heat sink to the photovoltaic material. 

20. The method according to claim 19, comprising orienting the fins in the second 
position after the heat sink is attached to the photovoltaic material. 

21. The method according to claim 19, wherein the step of attaching the heat sink 
comprises laminating. 

22. The method according to claim 21, wherein the step of laminating the heat sink 
comprises providing an electrically insulating material between the mounting 
surface of the heat sink and the photovoltaic material. 

23. The method according to claim 22, wherein the step of laminating comprises 
laminating the heat sink, electrically insulating material, and photovoltaic 
material together. 

24. The method according to claim 19, wherein the step of laminating comprises 
providing an encapsulating material between the mounting surface of the heat 
sink and the photovoltaic material. 

25. The method according to claim 24, wherein the step of laminating comprises 
laminating the heat sink, encapsulating material, and photovoltaic material 
together. 

26. The method according to claim 1, comprising attaching a lid over the 
photovoltaic material. 
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27. The method according to claim 26, comprising providing an encapsulating 
material between the lid and the photovoltaic material. 

28. The method according to claim 19, wherein the step of providing a photovoltaic 
material comprises providing a photovoltaic cell. 

29. The method according to claim 19, comprising providing at least one electrically 
insulating spacer between the heat sink and the photovoltaic material. 

30. The method according to claim 19, wherein the heat sink comprises a sheet of 
thermally conductive polymer. 

31. The method according to claim 19, wherein the heat sink comprises a metal foil. 

32. The method according to claim 31, wherein the fins comprise folded portions of 
the metal foil. 

33. The method according to claim 31, wherein the metal foil comprises anodized 
aluminum. 

34. The method according to claim 19, comprising providing at least one hole in the 
fins. 

35. The method according to claim 19, comprising providing a ridge on the fins. 

36. The method according to claim 19, comprising providing a high-emissivity 
coating on the fins to facilitate radiative heat transfer. 

37. The method according to claim 19, wherein the heat sink comprises an optically 
reflective material. 
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38. The method according to claim 37, comprising providing an optically reflective 
coating on the heat sink. 

39. The method according to claim 19, wherein at least two of the fins have a 
different height. 
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